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_ULTS OF_STSUS_ A o.o2-_ MODEL(89-0_S)OF

_. _ __ __ _ _ _sA/_ i

J. J. D_ileda and J. _quin
Rockwell Xnternation_l, Space Systeas Group

ABSTRACT

An experimental investigation (XA156B) was conducted in the NASA/

Ames Research Center Unitary Plan Wind Tunnel 9 x 7 Foot supersonic leg

from December 16, 1977 through January 6, 1978.

The objective of the test was to obtain force and moment d_ on

all vehicle elements (orbiterp external tank, and each solid rocket i

booster), wing and vertical tail load indicators, elevon and rudder hinge

moments, and base and bo_ flap pressure d_ta.
i

I_ta were obtained at Math numbers of 1.55, 1.80, 2.20 and 2.50 at i

Reynolds mm_er per foot of 3.5 x 106. A lin_ted amount of data were

obtained at Reynolds numbers per foot of 3.0 x 106 and _.0 x 106. The

majority of the _est data were obtained by _ angle of sideslip

sweeps at a series of constant sngles of attack. The range of a_les of

attack and sideslip was between .*6 degrees.

Configuration variations consisted of a series of differential

inboard/outboard elevon angle settles at zero aileron angles, with and

without the Shuttle Infrared Leeside Temperature Sensi_ (SIIES) pod on

the orbiter, iii
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Documentation for test IA156B consists of three volumes: '_

Volume 1 - Force Data Tabulat£ons

Volume 2 - Pressure Data Tabulations

Volume 3 - Pressure Data Tabulations. ,[

iv

F ....... • _ _
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ImODUCTZON I

The 0.02-scale model (model 89-0_) of the space shuttle integrated •t"
i

vehicle was tested in the NASA/Ames Unitary Plan Wind Tunnel 9 x 7-foot i:l_

supersonic leg between December 16 s 19_7 and January 6_ 1978. This tests

I design,ted L::156Bs used a total of 96 test hours in the factliW, i_

, Data were obtained at Math numbers of 1.55, 1.80, 2.20 and 2.50 at !

_ a Reynolds number per foot of 3.5 x 106. A li=tted amount of data were I

'i.!' obtained at Re,molds n_ers per foot of 3.0 x 10 6 and _.0 x 10 6it A_le- !

;::. of-attack sweeps were run at constant 8_les of sideslip for Runs 102
'!.
,'!_._
:i.:_ throuKh 115. After this, ankle of sideslip sweeps were run at constant

ii._ anKles-of-attack so that the data would be compatible with IA156A data. iI_ The ranKe of anKles-of-attack and sideslip van between .% deKrees.

ii: i ConfiKuratton variations consisted of a series of differential Inboard/

_ outboard el,yon ankle 8ettlnKs at zero o£1eron ankle, with and without

!: the Shuttle Infrared Leeside Temperature SensinK (SILKS) pod c_ the

i:_ orbiter. Four six-component balances were used to obtain _nlcle element !

(orbiter, external tank, each solid rocket booster) forces and moments.

Three slnKle-ccmponent balances were used to measure elevon (right winK

only) and rudder htnKe m_ment8. Two three-component balances were used

to measure wink (left side) and vertical tall normal force, bendinK ' i

moment, and torsion. The orbiter was instrumented with 19 bue pressure _i
taps and 32 body flap taps. The external tank had _ base pressure taps, !

and each SRB was instrumented with five base pressure taps.

This report provides a description of the test consistinK of remarks i
i

f

4

t

't
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INTRODUCTION(Concluded) !_lt

on the conduct of the teat, descriptions of the model end the test

facility, details c_ test procedure, information on data reduction, and

tabulated test results.

i

Ilļ

f
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NUME_CLATt_E

Tunnel Pare_aeters

M MACH froestreem Math number

PT PT freestream total pressure; psfa

P P freestreem static pressure; psfa

i Q Q freestreem d,y_o pressure, psf

Re x 10 .6 RN/L Reynolds number per footP

L:,_, _ TT' freestream total temperature, OF

_. TTR TTR freestream total temperature; oR

' ,:,estP e rs
!, ALTAL ALFAL launch vehicle angle-of-attack, decrees

ALYALS _ let_ hand side solid rocket booster angle-
_ of-attack, degrees
i

ALTARS ALPHAR right hand side solid rocket booster angle- ..
of-attack; degrees

ALFAT ALPHAT external tank angle-of-attack, degrees

BEP3L BETALL launch vehicle sideslip angle, degrees

BETALS BETAL left hand side solid rocket booster
sideslip angle, degrees

B_ARS B_AR right hand side solid rocket booster
sideslip angle_ degrees

BETAT BL_AT external tank sideslip angle, degrees

I'
I'

p"

J

6
I
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SD_0L M_MO_XC DEFINITION :,

_e_-_ T_ + (s_mSht+ SD Le_)Coefflelents, _:
(_-'teraal Tank PA.1.eaee) "Ji

CABT CABT external tank base axial force coefficient

= CA_S CAFTS forebody axial force coefficient, CATS -
: (CA_+ ca.a_+ _)
i '

_ CATS CATS total axial force eoe_f_elent J

• CBLr_S CBLF_S rolling moment eoefTAelent

_-ii CI_S CIZ4_S pttehtng moment eoef_lelent :
• L

-- _ _ nomal force eoeff'ielent

i _ C_ side force eoefTlelent
i

C_ CY_ forebo_7 yawlng moment coefficient,.C_ -

i CYBTS CYNTS total yawing =anent coefficient
i.

External Tank Forebod_ Coefflelents iii
L i

_ _ forebo_v axial force coeft_Aeien_, CAFES-
_- (cu_ + cans)

CBL1T CBLFT forebody rolling moment coefficient, CBI3TS - ,

(cm,T.s+ c_s) ._
_, CIM_T CIM_T forebo_7 pitching moment coeffietent, CIMPI_ - i

!

C_fT _ forebody normal force _oeffiolent, CNPTS - ,;

(c'_o'_+c_s'as)CT_T _ forebodM side force eoeffiolent, CTFA_ -

C_ forebo_ yawing moment coefficient, C_ -

8
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F
NO_SCLA_V_ (Continued) _1

S1NBOL N_NOEO DEF_ITICW

Launch Vehicle Coet_f_olents (Orbiter Balance)

CAB0 CABO orbiter base axtel force coefficient

CAFL CAFL forebody axial force eoef_£cient, aAL -

CAL CAL total axial force eoefTicient

CBL_ CBLFL roll_ns moment eoefTielent

CL_BO CLMBO orbiter base pitching moment coefficient

CIMFL CINFL forebody pitoh_ moment coefficient,
CIML - CIMBO

CIML CI/4L tote_ piteh_ moment ooeff_cient

CDO orbiter base nornu_ force eoefTlelent

CNFL CHFL forebo_y normal force eoef_elent_ _ - CNBO :_
1

CNL CNL total norm_ force eoefTielent I

C_FL C_L for-..body side force eoef_elent

CY_L forebody yav_ng moment eoefTielen% CYSL -

C_TL CTNL total ya_u_ mom-_t eoe_T_elent

Orbiter Forebod_ Coefficients

CAYO CAYO axia_ force coefficient, CAFL - CAFI'S

CBLFO CBL_O _ol_n_ moment eoeff_eient_ CBLFL -

CDMYO CIMYO pitehin_ mement coefficient CIMYL - CIM3_

CBFO ONtO nora_l forue eoe£_leten% CNFL - C_

CYYO CYYO side force eoei_lelen% CYFL - CYI_S t

CTNFO CY_FO _av_n_ moment coefficient CYNFL - _ :

..... L_.m.. _ 4 .... _ - _ __ _ _ _ _-- _X_ ¸
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'1

N_NCLATtmE (Continued) _ ' !_I.

' Ve_tlealTall Coei_lelents(SeeFAgure le) :_

CBVT CBVT bendi_ mount ooei_elent .j
:i 1
_':_ C_VT CNVT side force eoefflclent j

:_ CTVT _ torsional aomnt eoef_Aelent

, C_g CBW bending moment eoe_olent .,
_t

_! CNW C_ normal force eoef_ele_t iCTW C_g tormlonalaomen_ eoe_elent

iil Eleven and Redder Coeffi,lents(See FAgure lf) 1rJ! _0 CHEO outboard eleven hinge moment eoei_ietent

!I" CHR CHR rudder h.tnge moment eoefrlolent

"q i

'._ Model Oeometrie B'c-,,enelature :

OL eenterlAne
,m

ET exteraaltank -i
.|
¥

EL hinge line

MI_ moment reference center _i
8RB so_l.d rc_ket booster ,

X/C_ ratio of a station on the bod_ flap to the }
body flap chord (See l_4_,u"e_)e) .,

XB Sl_ station

X_L o ratio of a station on the orbiter to the I
orbiter length ',

• i

10

1

II,'. • _ _..-_ ._ _ __ ....... _':_ _._..
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N_4ENCLATURE(Continued)

Model Oe_etrIQ. Nomon_lature,(Continued)

XT bo_y station on the external tank

YO l_teral station on the orbiter, positive to
the right of the plane of symmetry (See

2b)

i. Zo orbiter rater line (:r,m=es _. ema_)

a ALRKAO orbiter angle-of-attack, degrees

-_ _ BETAO orbiter stdesl/p angle, degrees

: Sex IB-ELV inboard elevon deflection angle, degrees-_. (see Figure 11))

_eo OB-ELV outboard elevon deflection angle, degrees
_ (See Figure 11=)

PHIO rotational angle on model component
surface (See Fl6_re 2e), degrees

ratio of spanwise station on orbiter body

to total span of body flap, positiveleft to r_ght (See Figure 21))

Terms Used in Data Reduction

- _ wing bending moment about Yo105, ln-lbs.

_W _ng nomal force, lbs.

TW wing torsion moment abo_ Xo130% in-lbs.

BVT vertical _tl bending moment about Zo503
tn-lbs.

NVT vertical _e_l normal force, 1be.

TVT vertical tel1 torsion moment about XolIFI_,3,
in-lbs.

i
'r

I
g
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, ::

NOMENCLATURE(Concluded)

SYMBOL MNEMONIC DEFINITION

! Terms Used in Data Reduct£on (Continued)
i

i HEI inboard elevon htnse moment, in-lbs.
t

i H_O outboard elevon hinge moment, tn-lb8.i

Parameters

SILTS 1.O i SILTS pod on • 0.0 - SILTS pod offPressure Data

CPBV CPBV vertical tail base pressure coefficient

i CP1 CP1 See Data Reduction Section tCP2 CP2

| CP3 CP3
B

CP5 CP$

CP6 CP6

CP7 CP7

CP8 CP8

cP9 cP9 ._
CP10 CP10

i
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Upon completion of test IA156A at AEDC_ the model was shipped

directly to AI_ with all balances (except orbiter balance) still installed.

After arrival at ARC the fouling problems associated with the wi_

balance were cleared and a complete eal/bration of the wing balance was

performed prior to installation in the tunnel.

Duri_ the test vs,_ous events occurred hawing a possible effect on

the test res, tlts. These items are listed below.

1. Runs 102 through 1_. The wires for the external tank balance
were hooked up iucorrectlT. Therefores orblter_ ETj and eom-
bine_ ET/SRB d_ta are not ave/lable for these runs.

_+ 2. Runs 128 through 1_, The reference pressure 1/ne to the orbiter
Scanivalves was plugged. Also_ Scaliw_lve number 3 In the
orbiter was found to be out of phase. Values from s_unilar runs

were substituted for the base correction terms CPI_ CPi_ CP3
and CP_ in reduction of the data for these runs.

3. Runs 138 and 139. The inboard bendi_ gauge on the vertical
tail was over-ra_ed on the tunnel instrumentation at several
points durln6 these runs. I_ta are not avs/lable for these
polnts. _

4. Runs 265 through 269. There wa_ an electrleal problem with the

• external tank exlal force on these runs. _herefore, LT sxlal I
force data are not available for these runs.

i

5. Runs 205 through 219. At the end of this serles_ a phasi_ "t
problem was found on Seanivalves _ and 6 in the external tank.
The data (CPT_ CP9 and CP10) should be used with caUtion.

6. Runs 265 through 306. Outboard eleven zero shifts occurred
frequently durl_ this group of runs. The d_ta were r_luced
with _tial zeros only and should be used with caution.

l+!:_ 7. Data from several pressure taps were bad for various reasons at
_, different times during the test. The data in question were
_ eliminate_ from the averse when calculatin_ the base pressure

corrections. The run numberc_ pressure tap numbers and base
:: ladjustment eoefflclents affected are given below. +;

(
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I

Run.___s Pz,emsu.--"eTap_e:' Tern .q_e:t_

10"_-I_.1 409 --- :_

: 102-126 317 OPt "_.: I!

!i

i02-281 319 £'P3 ,:i

: i. L_7-_I 15o9 m,?

:i I

•._. i_3-157 3_ oi'3

I_ z_3-I_7 15o9 m_T

" 159-2o_ 31_ _I_4

19o-_o_ 15o7 m:7

190-R39 1509 OPT

' _o5-_ 1516 m=7

205-_58 _o9 ---

m

_6o-mS_ ' 308 _z
,!

1

_ ;*
1

i
, 1

14
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1
1

CCRFIGUI_TIONS _VESTIOATED .,t

+ The model for 'the NASA/Ames 9 x 7-foot tunnel test period was an

0.02-seals repl/oa of the Rookwell International first ste_e space

i i shuttle vehiole eonststi1_ of orbiter1 external ox_en/hydrogen tank
::!
r__, (EP) and two solid boosters (SRB's). The vehicle is described by the i+
r--_.!

_._, VCTO-O00002 configuration oontrol draying. _he integrated vehicle
t_

•_ geometry Is shown :in FJ._tre 2a. _he model was mounted upright in the

= _ tunnel through the base of the orbiter using the ARC 2.5-1nch Task MK XIA

-_} balauoe. Photo6Taphs of the model in the tunnel and of model details are

--.+! given in F£6_res 3a through 31

_,+ The external tank and boo° ˜�l�veresupported from the orbiter/ET

_'_+i attach struoture using the AEDC-I_T-6-1._O-I.80-1.12 g balauoe. Each! SRB was supported from the ET/SRB attach strunture using the A_DC-PWT-6- "_'
i 1
_+! 1.50"0.50-i.12 M-a and -b (one in each SRB) balances. The orbiter balance

.+-.+_;i measured total vehlole loads; the external tank balance measured ET/SRB i!

loads, exeluslve of the attach structure between orbiter and external 'l!

.. tank; each SRB balance measured onlM the forces and moments on the

element in whloh it vas mounted, exclusive of attach hardware. "i

The orbiter was fabricated to the 0V102 Conf_&_atton Outer Mold j

Line Defln_tlon (Marsh 15, 1976 (RL oonf_&_ratlon). Lines were derived t'!

from the design entry trajectory 1_1_.1, Revision C/C. The Thermal

Protection System (TPS) for these lines to based on the us_e of

Silicon Reuseable Sumacs Insulation (SRSI). The orbiter model ls of ii
a blended wing_ody design with a double delta planfonn (81°/_5° leading

( 15

00000001-TSB08



C0_YISUaATIC_SINVESTIGATZD(Continued)

edge) wing of 12 percent thiokness and full span elevens with gaps between

the outboard and inboard panels and between the inboard panel and the

fuselage. A single oenterline vertical tail wlth rudder/speed brake

oap&bllity is mounted between the Orbital Maneuvering System (_S) pods

i on the aft fuselage, and a bed7 flap is fitted to the lover trailing

l
! edge of _he fuselage. The Main Propulsion Sys'te_n (MPS) nozzles were

simulated, but were trimmed to clear the sting support through the base.

_i. The CMS nozzles end all Reaction Control System (1ES) th_ter ports in

!i_- the forward flmelsge and CMS pods were siemlatedo

!i_ F_selsgeOuter Mold Line (al,IL) pene_rations and protuberances which• _ sinulsted inoludet

- Recessed windshle_, harsh, ariaobservation windows

- Simulated fo_aaa_lan_ aft RCS nozzles

_i_. - Cargo bay door hi_es

,./ - T-zero tuabllioalpanels

- Ventzt cargo bay, wing, OHSI_S and sf_ fuselage

- Span_se stepst vertical tail/rudder end body flap

The upper surfs_e flipper door panels which blend the wing to the

eleven at all deflections were not simulated. A smooth fairing between

wi_ anA eleven upper surfaees simulated the flipper door panel. The

0_102 Shuttle Xnfre_ Leeside Temperature 8enein_ (8XLTS) pod was

simulated on the vertical tail. The orbiter model ,_s constr__cted

prlmari_y of Armoo 17-_ stainless steel, with 7076-T6 aluminum used in

16

)
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£ CCmYZGUP_TIONSINVESTZGAT_ (Continued)

. some non-load earring components. The m4d/aft upper _se_tge is

fabricated from a single block with a lo_gitudinal bore into vhich
¢

balance adapters can be inserted. The OgS pods are an integral part of

this block. The no_ e/forw_ fuselage yes fabricated as a honor shell

and serves as a cover plate for model-mounted instrumentation.

The vertical toil was supported o_ the upper af_ fuselage by means

of a strain gauged beam (three-component balance). The x-,_dder/speed

brake, f_xed at zero degrees 8efleotlonj yes mounted one gauged beam to

allow for measurement of hinge moments. A separate base plate/lover

a_t flasela_e bleak incorporated the a_t _S/RCS pods; the simulated MPS

and _4S nozzles, and the body flap bracket recesses. The base plate and

MPS nozzles were out out for sting clearance. The body flap was mounted

at zero degrees dei_Aeotton.

The right vAng_ right _ glove_ and lover fuselage aft of station

520 was fabricated e_ a slngle piece. The left wing/viug-glove yes cut I

off at butt plane 105 and was attache8 to the lover fuselage by a strain

gauged beaa (three-component balance). A labyrinth seal yes used along

the gap between the two parts to minimize leak_e between upper and i
!

lover surfaces. !

The elevens on both wings were aounte8 on individual be_as to alloy
t

for measurement of hinge moments. Altho_h the beams on the right and

le_ wings were dimensionall_ si_tlAr_ on_ those on the right _rl_g were i

8a_ed. The eleven deflection an_les were set by manual_ changing the !

( 17
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CCRFXGURAT_ONSINVESTXGAT_D(Continued) ,._l

bremkets to whloh the beam are attached. Measured defleatton s_les sre

given in Table IlL Upper surface seal doors (flipper doors) yore not

simulated but a failing vas used betveen the _ and the elsvon. A gap I

l of _ 0.005 to O.020-1nehes vas maintained betveen the fairing and the J_
l,_

i I elevon. ,,,, The external tank was built in accordance vlth Rockvell Xnternatlonal

Xnte_ace Control DravAng ZCD2-O0001, by. C; plus Xnterface Revision

Notices B and C. _he external tank is of cylindrical cross-section with

a nominal diaaeter of 333-inches and a aaximum diameter of 336.2-Inches.

_he forvard potion of the external tank has s _4ngent ogive nose vhich

ter_tes in a bloontc nose cap over the LaX vent valve. The for_Lrd

one-third of the external tank is filled TAth X_K; and the aft two-

thirds with liquid hydrogen. Structural sttf_ene_ betveen the tvo

vessels result in an ares vith a slightl_ lsa_er than nominal diwneter.

The al_ end of the tank is bastcal_7 an ellipsoid oF revolution. 1

The entire external tank is covered vith a spra_-on foam insulation l

of _ thickness. Approxt._te thtoknesses are 2.5-inches on the il•

tangent ogive, 1.O-inch on the cylindrical sections, and 2.0-inches on '!

the rear ellipsoid. Model dimensions included this insulation.

The exter_L1 tank configuration included a number of protuberances

consisting oF eleot_Aeal trays; l_Auid lines; and attach h&rdvare.

Elsotrioal trays vhtoh run parallel to the external tank centerline were

simulated_ those Which run up next to the e_t orbiter/external tank i.

i

18
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C(_ZGU_TXONS _VESTZGATED (Continued) 11

Control Dra_rln8 (;r.CD2-O0001, Rev, C) end lntez_sce Revision Notices (B

and C) as _e exteznal t_nk. The two SI_'S are l_-inch diwmter

, cylinders, each with an 18 degree se_t-az_le nose tez_Lnsted by a 13.27- ._!

inch dl_neter sphere. An 18 degree _J_sred skiz_t 208._O-inches in

dieaeter, protects the rocket nozzle. A flexible donut-shaped seal and

_ thermal shield is provided between the skir_ and the nozzle. SI_

protuberances consist of a foz_rd attach XW_ front and rear separation

motors; an aft attach ring, various etitTenere_ and a i_l£-le_th

__ electrical systems tunnel.

-_ The So)£d Rocket Boosters were made of Armoo 17-_ PH ste£nless steel,

except for the forward c_]£nd_eaX shells M_tch were made of 6061-T651

al_num alloy. Each SI_ was formed by _Lve major pieces to which the

external protuberances were mounted. _he five _Jor pieces were the

nose_ the forward and the center e¥1_d_eaX shells, the aft cylindrical

shell/skirt use_b),y auA the nozzle. _he center c¥].t_drieal shells were

•"* fabricated with a vertical split to facilitate asse_b)_r an4 _tsassembl7 i!t
of the SRB. 2he SI_ protubersuees were fabricated from altuninu_ alloy .,

and stainless steel_ and were secured to the S_ vLth screws or silver

solder. Each SEB is atteahed to the E? at the L_ll-scaXe attach points.

i Attach structure components were scaled to as Srea_ a degree as

-_,; posslbXe, but were sized for the anticipated loads. The SRB/L_ attach l

structure yes connected directl:r to the balance bridge inside the SRB. ,

i '11

/ _ The SIC_ yes suppor_el on the balance mounted on this balance bridge.

20
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"" 1

CCEFXOURATIONSIIIV_TZalATED _Continued) .

Xnstruaentation leads fz_xn the SRB to the external tank were routed

thz_ush a slot I_ of the forward SRB/E_ attach post. A f_iring between
r

the SRB and the ET p_oteeted the leads fr_ t_e air flow. _he SRB wall

in the vicinity of the SI_/E_ attach stzsaeture was relieved f_ clearance

between the SDs and the attach struet_um and fairing. The resultant

gap was filled with rosin.

The following nomenclatures illustrated in FJ4_es _ through 2_,

w_s used to designate model ecmponents s

SyaboZ Description

B75 0V102 f_selsge includiDg T-sets umbilical
panels an4 crew hatch

C16 Canopy including recessed windshields and
observation windows

E6_ FAIv_s; including elevon/elevo_ and elevon/
fuselsge gaps

P16 Bo_ flap

F_ l_%ring8 for the fOZ'_z'_ ei_-_o bay door
hinges; 6 per side

HG1 Ce,_o bay door hinges; 13 per side

M52 aKspods

NIO8 Forward RCS thruster nozzle ports

N109 Ma£n propulsion system nosslel (inner
stlZ_8_el CUt MtSy for sting clearance)

Nll 0 QIS nossles

Nlll A_t RCS thrusternoszlea and ports

( 21
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C_GUI_'_ _qV_'FZ_ (Conoluded)
_ ° ,

t %,

Deaertption

I_0 l:_l£ers split into le_c _ r_Kht :!,
speed brake l)snels

" U1 Umbilical doors 1_

V27 Ve_ttee£ ta_l

:i V29 Verttoal Ta_l with _ _ pod

,_ VTIo CaZKObevy vents_ _. per aide

VTLI Wt_/_ _ ba_r yente_ 1 per 8:l.de
-- D

--,
_:_ V_.._ Aft fusel_e ve_ts, 1 per side

_? VT17 Mleoellaneous vent8_ ports and penetr_ttons
.l

-"_ Wl31 OVI02 wang-J

il T39 Ertemal _snk, iuolud_ all protuberanoes(seezc_-ooool,Bey.c)

_i SL:_ Sol£d rocket booster, £nolud:Lug all protuberances
(See ICI_-O0001_Rev. C)

1

t
1
,!
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TEST YACIIA_ DESCRIPTI_

• This tunnel is one of the supersonic legs of the Ames UniteA7

facility. It is a closeA circuit, variable density, continuous flow

tunnel. The test section is 9 feet by 7 feet by 18 feet and the nozzle

_ is Of the asymmetric,sl-_ins-bl6ck-6yp-e-in--wiich-_heiariation-of"the

_: test section Maeh number is achleved by translating, in the streamwlse

2 dtreetion, the f_xed contour block that fo_ the floor of the nozzle.

_i The temperature in ell three olreuits Is controlled by after-ooollng.

i I_ air for use in the elr_uit is supplAed _fou_ 30,000 eubi_-fOot

spherical tanks. The tunnel air motors and ecmpresso_ serve the 8 by

7-foot tunnel. The motors have a ecmblned output of 180_000 horsepower

|i for e_tinuous operations or 216,000 horsepower for one hour.
mJ

I

( 23
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TEST PROCEDURE _ ,,,

The model was.installedin the vlnd tunnel in the uprightposition

usi_ the Gene_LlDynamicsIR-ZK-090pitch meahaulsm. StandazdAmes stlng

componentswere used betweenthe ARC S.5-1nehTuk MK XXA balanceand the

i_ pitch mechanism. Figures 3_ through3e show the model installedin the

tunnel.

_i_ _he test was concerned primaril_ wi_h force and moment measurements

i• and the on17 pressures measured vere those loeatea on the bases of the

i_'i model elements. These pressurelo_at1_msareshown in F1gures-2b" " i_
_ " through 2f and are eategoz'J,zed as followsS !

..: Orbiter Base 19

0rbiter Body Flap 32 ':_

_' Solid Rocket Boosters Base 10

Total 106

The types of bslanees utilised, and the model forces and moments .,

calculated from their measuremente are given below. The orbiter balance ",_

to shown in Figure 2k. The other balances are described in detail in lJ

ReferenceI.

Balance Model Forces and Moments Measured :
Oation '" or  leu ted

Orbiter 6-component L_uneh vehicle normal force, side force,
axial force,pitchingmoment,yawing i
moment, and rolling moment.

i

24
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f TEST PROCEDU_ (Continued)

hlanoe Mo_el Forces ,and Moments Meu ,urea
Loeatlon _e o_ CaAeulated

Erternal 6-eanponent ET and SB's noz_aal force, side force,
Tank axlaA foree_ pltehi_g moment, ¥&wing

moment, and rolAi_g moment

Lel_ Hand 6-eoaponent Lef_ hand SI_ normal force, side force,
Solid axial force t pitohiDg m_eat_ ro]Ai_
Becket moment, and yawAng reorient
Booster

Right Hand 6-e_ponent Right hand S_B nonaal force, side force,
Solid Becket axial force, pitching soment, rolling
Booster momnt, and yavAng aoment

Wing 3-component WADgnorme£ force, bendi_ moment,
and torsional moment

Vez_leal 3-component Vertical stabiliser side force,
Stabilizer bendiD8 moment, and torsional moment

2u_der 1-component Rudder hinge mc=ent

Xnboard l-component Xnboard eXavon hi=ge moment
Elev-_

Outboard i-component Outboard eleven hinge mome=t
Eleven

Calibrations of the ABC 2.5-inch Task ME XXA balance, the three-

component wing balance)and the eleven and rudder ga_ges were performed i

lat A_ prior to the test. _he 1-1/2-inch diameter balances in the

extez_al tank and solid rocket boosters and the three-component vertical

tail balance were not calibrated at ARC prior *.o the test. AEDC

calibrations of these balances were used for on-line data reduction during

the test. FAna£ d_ta a_e based on post test calibrations perfonaed by _1
iA_.
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DATARE_UC_Cff

Standard AI_ methods for computing tunnel parsmeters, balance forces

and moments, and model attitudes vere used. Six-component force and

moment ooefl_oieat8 (body aXiS only) were computed for each balance,

using the axis system defined in Ylgure 1_. 5_e mnment reference point

(the some for all major elements) is specified below. Force and moment

data were adjusted to l_eestreem pressure. Elevon and rudder hinge

moments, and ring and verticai tail forces and m_ents_ were calculated in

i!_ coel_ieient fora abou_ the reference locations specified belov.
_,_

_:_ The moment referenae locations, in tu13:-scale d_enelons, are as

_ tolln_:
' Q

.iL ..

.!.

aUz 976, zo, zT

Le_ Wln_: Xo1307,YolO_

Right _levcns: _eline at Xo1387

VerticalT_I: XoI_i_.3,ZoSO3

Rudder: Hin_elineat Xo1_1_.3

_he attitude of each major model eZomentwas calculated from the

sector reading, taking into account the stin_ and balance del_ieetions.

The delS_tio_ of the elavons (rl_ht vl_) e_4 the x_tdder due tO

applied load were also calculated.

Presstu.e coei_Aclentsrequire_ for baae preasure adjustments were

computed as foLloes!

( 27
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,*,4

DATAREDUCTION(Contlnued) _ ,)

CPI - (i/i0)(CPT302+ CPT306�CPT308�CPT312 +
+ c_u315+c_316+ CPT317+ CPT318)

_2 - (I/16)(mT_05+C_06 + _7 _ C_T408+C_13CPT_I_+ CPT_15+ C_16 + C_T_ + CPT_ + ¢'eT_3o+

CPT_32+ C#T_37+ C_T_38 �OPTS39+ C_T_O) °li#

cP3 - (I/6)(c_319+_ �c_I+ c_F_s+ i'.
ee_3 + m.l,3e._.)

m_., (z/2) (m,_._ + ee,_2e)

ce5 - (1/4) (_ + c_e._ + eem_z + c,eTa_.e.)

, I_o7CF7 - (0,16S9)(1/12) CPT_ �(0,16S9/12)(CPTI_09)+
1-1501

+ (0.o936/:_)(eem._3)+(0.0936)(1/zl) _ c_. +
J.-l_

(0.S058) (1/13) (CPT1530+ C'PTI_31+ CPT15_3 �CPT15_.)+
"I

(o._o58)(1/13)_ c_ +
1-1533 i

"g

(0._371/6) (eeTl_ + CPTI_.9 + 0eT15_1+ _T1_3 + .,
m'TZ55_+ c'emSYi')+

(o.o_z) (eeTZ_7_) ,t

28
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CPI0 = CPT2_6

vhe_e

CPT1 18 the pressureeoe_J.etent for pressuretap I,

Be_e pressure adjustments to the force and moment coeff_etents were

eomputede_ followsfrom the pressurecoefficientsde_ed above.

For the Orb_terz

_mo. (-_/s_) [_ _.75o(_z)(_), (=_)(_)]
aP

-(_) (_) (_) + ,.1{C_I) (_-_.co)
%a

�¢_s)¢A3) �¢_)¢_=o)Jl
- (-I/$I_7) I(CPI) (AI-ACO) + (C_3) (A_i) + (CP_) (AEo)J

Yor the eztmmal tanlr,s

- (-zls_) (C_) (AT)

labr the left SRBS

. (-_/s_) I(=5)(A_)+(=6)(A_)]C,A)L_

For the r_r,ht SRB_

I ('Z/S_) [(_)9) ('A_9) "0_ (_a_O) (A_O)}

, =n_ . (_sl_) (e_s)
i,_ ' I

These adjustments were appl:Led to the meuured force and moment

eoeff_e:Lentm to t_i_e forebody eoeff_elenta.

1

:!
I

( 29
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;!

• or the _eh TehtQle (orbtt©r b_Qe)z

- CYSL - C2_LS - C_B_

C_VL _ CAL-C_O-CA_-CAN_-CA_S

CBL_ - CBLL

For the external tank and two SIn's (extez_sl tsnk balauce)s

CTJG_S -

- CD_ - C2_L8 - C_11aS

- CATS- CABT- CAN_ - CABI_

C_ - CBZ_

For the left SD (let_ SBB be3Anoe)!

CIII_ -- IIN_

_'1_ - CTLI3

i
"ll

: i

i For the right SI_ (z_ht SD b_ee)_ S,

l
3O

I

'I

|
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_A_ _C_O_ (Concluded)

Value

s .odelS ale i i iii flu

A7 0._I_ ft.2 --- _se area of the exteraal tank.

AO0 0.03_ _1;.2 --- Orbiter sting cavity area.

BREF _ 18.T3_ in. 936_7 in. Wing bending reference le.ngth.

CE 1.81_ Ino 90.7 in. Eleven reference chord length.

CR 1._6_ in. 73.2 in. Rudder reference chord length.

CVT S.996 in. 199.8 in. Vertical tall reference chord

L1 25.S60 in. 1263.0 in. Horizontal transfer distance
between the orbiter base and

L _he integrated vehicle moment
reference center.

12 26.594 in. 1329.7 in. Horizontal transfer distance
between the body flap and the
integrated vehicle moment
reference center.

LREF 25.806 in. 1290.3 in. Reference length.

MAC 9._96 in. 474.8 in. Mean aerodynamle chord.

SE 0.084 ft.2 210. ft.2 Eleven reference area.

SR 0.0_06 ft. 2 100.15 ft. 2 Rudder reference are_.

SREF 1.076 ft. 2 2690. ft. 2 Wing reference area.

SVT 0.1653 ft.2 _13.25 ft.2 Vertical tall reference area.

YS 5.010 in. 250.5 in. Lateral transfer distance
between the SRB base and the
Integrated vehicle moment
reference center.

Z1 6.730 in. 336.5 in. Vertical transfer distance
between the total orbiter base
_ea an£ the integrated vehicle
moment reference center.
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(. DATE  978 .,,
TEST CONDITIONS

m i in m t I i, ,,, ,i n

REYNOLDSNUMBER DYNAMICPRESSURE _TAGNATIOHTEMPERATURE
MACHNUMBER (per foo_,) (psf) (deiPeesFshrenheit) "1'

1.,p_,, 3.0x zo6 680 _o l,_.,ii i i i i i i I ii ii I I i i i _ I

i.55 3.P x zo6 785 I _-- , elm

I 1.8 3.0x 1oo 680i II I I I ii _i il i il

1.8 3.5x lo6 790

2,2 . ,., 3.5. x, i06.,, 760 ' ' . ',,
_.P 3.5x lo 6 71o .

i ii i i iii ml ii i I ii

2.2 4.0 x 106 825 h.

' 2.5 4.0 x 106 . 780: i e
....... F '4
..... I i i i ill I i J i,, j i i I • i

i • i i | -

i i i i I I I ii i ii _ - .

,,_

ii | i m i i , i i , ,, .. i. ii i ii i

i i i i el ii |1 i -

l. m i,. ii i i i ii im i

i i i i ii m i i '1 • i i ii ,

IIII J I II I I I I I I

BALANCEUTILIZED: .See CONFZGZTI_:ZOi'_IS.Z.Ev'ZS_,Z.OATED.

COEFFICIENT
CAPACITY: ACCURACY: .TOLERANCE:

NF . ,:, ,

: $F , , ,

AF-- • i ii i|lil

PM . _ ,

RM .....

YM ... - , ,

COMMENTS:

(
!:

I • I II II I I I II I I III I I I II I
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t , TABLEII (Continued)

•_ ,; FORCEDATASET$
_
j

_: R2TV_ - Launch Vehtcle Aerodyna_e Coeff£clents

i- R2T_ - Orbiter Aerodyna_c Coef£Lcienta

i _ R2TWJIS - Wing Data Coefficients
I=_ ,

_.-! R2TF_ - Pressure Data and Vertical Ta£1 Data

_ R2TT_ - ET Alone A_rodynamic Co_fielents

_:: B2TS_ - ST �Leftand itlshe S_ (tT .balanea)

_:_ R2TI_ - Left SRB kerodynam£e Coaff£e:Lanta

_,_,' R2TR_ - R£ght $RB Aerodynam£e Coeff£etents
_. !

[

_. PRESSURE DATASETS
! _. , i|

_. P2T E_ - Orbiter Base Coefficient of Pressure Data

_-_{.. P2T Fg_ - Body Flap (Bottom) Coefficient of Pressure Data

!:._ P2T C_ - Body Flap (Top) Coefficient of Pressure Data

P2T L_ - Left SRB Base Coefficient of Pressure Data

er,.

-_ P2T P_ - P_t_ht SRB Base Coef£Lctent of Pressure Data

P2T T_ - BT Base Coefficient of Pressure Data

c:-

r2_

r_:5

4O

.. -- . _
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8eI, dq

Left Hand Right Hand
Nominal Measured Measured

12 11.88 12.12

lo 9.9o lo.o_

8 T.82 8.3.0

Seo, deg

Nomlnal Left Hand Right Hand
Measured Measured

-7 -6.95 -6.88

-5 -_.98 -_.88 ;|

.- -2 -2.00 -2.30
t

2 2.00 1.88
*

I5 5.oo 5.oo

r

m
i

i
I
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Xo 0.00 _

£

i 4

o. W_ Moment Reference Center i
Ftt_re 1. Continued.

(
45

'1

i I

L

00000001-TSD10



.t

d. Vez_ical Stab_l:tzer Moment Reference Center f
l_p_re 1. Continued. i
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I

e. De_tion of Vez,t;£oal Stab;Ll_zer Coef_lolents
Figure I. Continued.

l
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t

f. Definition of Elevon and Rudder Hinge Moment Coefficients 1
Figure 1. Concluded. I
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ill _ I . , . . . i • ILI

Tap Zo Yo Tap Zo Yo
,m_._ml m • • -- I n nl

301 10.64 0 318 6.04 -2.06
302 10.1 0 319 10.28 -1.1
30G 6.04 0 320 9.84 -1.76 _. )
308 9.86 -0.78 321 10.44 -2.06
311 6.04 -0.76 322 9.4 -1.92
312 8.78 -1.56 323 8.78 -2.14
314 8.04 -1.56 324 9.3 -2.6
315 8.28 -2.06 325 CAV 0
316 7.52 -2.06 326 CAV 0
317 6.8 -2.06

Yo
0

L

b. Orbiter kse Pressure Or_ftoe Locations
l_re 2. Continued.
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APPENDIX

_" TABULATEDSOURCEDATA

VOLUME2

_ PRESSURE DATA

DATASETS COMPONENT PAGE__.__S
I

": P2TES_ ORBITER BASE 1-377

_ P2TFIIiI BODY _ (BOTTOM) 378-673 '_

P2TGIIII BODYFLAP (TOP) 674-969

t

![

I "i
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